D
eciphering the chemical properties of atmospheres using remote sensing is the next frontier in exoplanetary science 1 . Short of mastering interstellar travel, it is the only conceivable path towards probing whether exoplanets are habitable or inhabited 2 . Hot Jupiters are a class of exoplanet with a size comparable to that of Jupiter and short orbital periods (of typically several days). Such features make hot Jupiters a good starting point for astronomers to hone their observational and theoretical techniques as they work their way towards examining smaller exo planets that have cooler atmospheres. On page 58, Evans et al. 3 report the detection of water in the thermal spectrum of the hot Jupiter WASP-121b. The discovery suggests that WASP-121b contains an analogue of Earth's ozone layer, causing the exoplanet's atmosphere to feature a temperature inversion -in which temperature increases with altitude.
To understand Evans and colleagues' findings, it helps to use Earth as an analogy (Fig. 1) . The lower terrestrial atmosphere is divided into two distinct regions: the troposphere and the stratosphere. The latter, upper layer contains ozone, which, despite being relatively low in abundance, is extremely absorbent to ultraviolet radiation from the Sun. This absorption causes the stratosphere to heat up and exhibit a temperature inversion. By contrast, the temperature decreases with altitude in the troposphere, and is approximately constant in the tropopause and stratopause -the boundaries above the troposphere and stratosphere, respectively. Vigorous convection occurs in the troposphere, compared with the relatively calm stratosphere.
Using the analogy with Earth, astrophysicists initially proposed that hot Jupiters fall into two classes on the basis of their temperature. The hotter objects would have temperature inversions, whereas the cooler ones would not. This proposal was based on the reasoning that titanium oxide (TiO) and vanadium oxide (VO) would act as the extrasolar analogue of ozone in hot-Jupiter atmospheres 4 . The plausibility of this argument is rooted in both physics and analogy. Both TiO and VO are extremely absorbent to radiation stretching from the visible to the near-infrared range of wavelengths 5 . Furthermore, both molecules are commonly detected in the spectra of stars less massive than the Sun and of brown dwarfs 6 -astronomical objects too massive to be exoplanets and too diminutive to be stars capable of sustaining full-blown nuclear fusion. Between 1989 and 2014, Hoffmann and colleagues searched for signs of anthrax in the carcasses of a wide range of mammals, and monitored the distribution of the anthrax-causing bacterium in animal bones and carrion flies, a source of mammalian DNA. They found that anthrax caused 38% of the wildlife mortality observed over this period, and affected a broader range of mammals than in arid ecosystems, such as chimps, monkeys, mongooses and porcupines.
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Ozone-like layer in an exoplanet atmosphere
The authors' modelling of chimp populations in the region (pictured: a chimp in Taï National Park) suggests that anthrax will probably reduce the size of these populations, potentially resulting in their loss from this part of Africa, over the next 150 years. This is a risk that is only set to increase if chimp mortality from hunting and human-borne diseases continues to rise. Anna Armstrong
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Chimps at risk from anthrax
Years Ago
The advantages of achieving the in vitro synthesis of active enzymes in a well characterized system are many … All our evidence suggests that the appearance of lysozyme activity observed in the in vitro system has the characteristics of de novo synthesis … the chief contribution … is that the in vitro translation in a well characterized RNA dependent system can be sufficiently accurate to yield active proteins, and that this can be done using RNA extracted by standard techniques from cells infected by a DNA phage. From Nature 5 August 1967
Soil Conditions and Plant Growth. By Dr. E. J. Russell -This book is, as the title implies, concerned with the relationship between soil and plant. After an introductory historical account of the subject the author describes the constitution of the soil and the various factors of plant growth. In the development of these topics and of the question of the relation of the plant to its soil environment, the reader is kept constantly in touch with the best original work at home and abroad. The author … has also added a chapter on the colloidal properties of the soil, in which he brings the reader abreast of the recent … work on the interaction of dilute acids and soil colloids … The study of the relationship between soil and plant is exceedingly complex … It is a pity that so much labour should have been expended during past years in haphazard manurial trials, designed to instruct the farmer, but yielding generally a scanty harvest of accurate information. Soil investigators owe a debt to Dr. Russell and his predecessors … for enlarging the study of the soil into a respectable field of scientific activity.
From Nature 2 August 1917
These analogies have their limits. 'Stratosphere' is an odd term to use for a hot Jupiter -the planet undergoes intense heating by its star that varies from its equator to its poles, driving vigorous winds that churn the upper atmosphere 7 . And it remains unproven that brown dwarfs and hot Jupiters have a common heritage (formation mechanism, evolutionary history, and so on). The claimed detections of TiO and/or VO were all made at fairly low spectral resolutions, satisfying the threshold of plausibility to different degrees [8] [9] [10] [11] , and are subject to an extensive debate in the literature concerning temperature inversions [12] [13] [14] [15] [16] [17] [18] [19] . Evans and colleagues used the Wide Field Camera 3 (WFC3) on board the Hubble Space Telescope, which has become the standard go-to instrument for detecting water on exoplanets. They obtained a thermal spectrum for WASP-121b that covered a range of wavelengths from 1.1 to 1.6 micrometres. Although the spectral resolution was insufficient to resolve the individual spectral lines of molecules, the authors could trace the shape of molecular bandheads -spectral features caused by large numbers of unresolved lines melding together.
The authors observed bandheads at wavelengths of about 1.2 and 1.4 µm. Of particular interest is the 1.4-µm bandhead that is associated with water and that forms a blunt peak, rather than a trough. Evans et al. interpreted this bandhead as being due to water seen in emission, rather than in absorption. In an atmosphere in which the temperature decreases with altitude, water would be seen in absorption. To be seen in emission requires the existence of a temperature inversion and therefore a strong absorber of stellar radiation that causes the upper atmosphere to be heated. The 1.2-µm bandhead is consistent with the presence of VO, but the definitive detection of this molecule remains elusive. The recorded WFC3 spectrum is blind to the absence or presence of TiO.
To claim that a spectral feature is seen in emission rather than absorption requires the use of a reference. Evans and colleagues analysed their WFC3 spectrum using a technique called atmospheric retrieval. In this technique, the abundances of molecules are free parameters in the analysis, which means that chemically implausible abundances are permitted. The authors then used the measured spectra of two brown dwarfs, spanning roughly the same range of wavelengths as the WFC3 spectrum, as references. These brown-dwarf spectra have deep absorption features near 1.4 µm associated with hot water vapour in the objects' atmospheres. A limitation of the authors' work is that atmospheric retrieval does not treat radiation, chemistry and atmospheric motion self-consistently, but this is an ideal that currently eludes all practitioners of the craft.
As the number of claimed detections of TiO and VO in hot Jupiters continues to increase, the presence of these molecules could be tested by other means. The chemistry of hot Jupiters is sensitively controlled by the planets' carbonto-oxygen ratio 20 . Besides being water-poor and methane-rich, carbon-rich atmospheres also have abundant carbon monoxide, which sequesters most of the oxygen atoms available, leaving few for TiO and VO to form. Therefore, if TiO and VO are the extrasolar 1 outline how they have opened another chapter of this work by using DNA sequencing of tumour samples along with testing of patient-derived cellular models. This enables the use of high-throughput drug screening to assess treatment-response patterns and thereby expand the options for tailoring cancer therapy to the individual.
Pauli and colleagues initiated a clinicalresearch programme that sequenced the DNA of protein-coding regions of the genome in samples of individual patient's tumours, as well as their healthy tissue for comparison, to identify tumour-specific alterations that might be drug targets. However, the authors soon realized that DNA-sequence information alone was insufficient to guide therapeutic decisionmaking in most cases. Of the 501 people with cancer who were tested, the majority of whom had advanced-stage disease, only around 10% had gene alterations that could be directly matched to targeted agents approved by the US Food and Drug Administration (FDA). This percentage included those whose tumours might be targeted through 'off-label' drug use, in which a treatment approved to target an alteration in one tumour type could be repurposed to treat other tumour types.
In contrast to Pauli and colleagues' findings, an investigation 2 studying the pairing of cancers to treatments found matches for around 40% of the tumours using a less stringent, but widely accepted, criteria for 'targetability' -namely also including DNA alterations that could be targeted by agents that are currently only licensed for use in a clinical trial. Even so, for most patients tested in both studies, the DNA-sequencing results were not sufficiently informative to allow personalized therapies to be identified, owing to the limited number of matching drug treatments available. This prompted Pauli et al. to try another way of identifying potentially effective matches between tumours and drugs. They used organoids -cellular structures grown in in vitro 3D cell-culture systems that retain interactions both between cells and between cells and the extracellular matrix that surrounds them. These cultures, derived from the patients' tumour cells, offer better preservation of the biological characteristics of tissues than do the more commonly used monolayer cell cultures. Organoids provide a large-scale platform for drug-sensitivity screening that offers an acceptably fast turnaround time, which could enable clinical application on the basis of results obtained.
Using organoids, Pauli et al. tested a comprehensive library of nearly 160 compounds, enabling them to identify effective drugs and drug combinations that limited cancer-cell growth. Their findings were validated in vivo by transplanting organoid cells into immunodeficient mice to generate personalized models known as patient-derived xenografts (PDXs), a gold standard for the preclinical evaluation of cancer therapeutics (Fig. 1) . Pauli and colleagues' study offers one of the first examples of an organoid-based approach that uses high-throughput drug screening along with validation of the drugs in PDXs derived from the same organoids.
From 145 specimens comprising 18 different tumour types, the authors generated 56 organoid cell cultures and 19 PDX models from biopsies of either primary tumours or tissue samples of cancer cells that have migrated to other locations, known as metastases. The results of tumour DNA sequencing, highthroughput drug dose-response testing in organoids and PDX validation of the results are described in detail for four patients. Effective targeted drugs were identified in vitro and, on the basis of results of secondary drug screens, optimal combination regimens were selected for validation in vivo. However, it is important to note that the individual proposed regimens were not tested in patients, and so the investigators could not show that their selected drug hits are active clinically. The authors also recognize that the difficulties with off-label access to approved or experimental agents remains a substantial challenge that limits clinical testing based on the data obtained from this type of precision-medicine platform.
The feasibility of using patient-derived tumour samples for high-throughput drug sensitivity assays, and their integration with genomic profiling for drug repurposing, has been demonstrated previously 3 , in a study that focused on leukaemias that were unresponsive to chemotherapy. In an off-label compassionateuse setting (in which individuals who have life-threatening conditions are given access
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A precision approach to tumour treatment
Progress is being made in the use of personalized approaches to create both in vitro and in vivo tumour models that could be used to aid cancer drug-treatment decisions and increase our understanding of how tumours respond to therapy.
"Organoids provide a large-scale platform for drug-sensitivity screening."
